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Lipids in the stratum corneum (SC) are organized 
into la~ellar membrane unit structures that provide 
the permeability ~arrier. Cholesterol sulf~te, a SC 
mexnbrane lipid, is synthesized by cholesterol sulfo-
transferase (~STase) in the lower epider.mis and hy-
drolyzed t~ cholesterol by steroid sulfatase (SSase) in 
the SC, To detennine whether these enzymes are 
induced during blll"rier ontogenesis, we examined 
their activity in .epidermis of fetal rats before (gesta-
tional day 17), during (day 19), and after (day 21) 
barrier fonnation. CSTase activity increased - 10-
fold betw~en day 17 and day 19, then decIint:d be-
tween day 19 and day 21. In contrast, SSase activity 
reached its peak activity on day 21, increasing >5-
fold. Fetal rat skin explants develop a SC and harrier 
over the same time course ill vitro as in "tet·o . Like~ise, 
CSTase and SSase activities during iff l1itro o~togene­
sis precisely mirrored those obtained in lI,tero. More-
T he stratum corneum (SC) resides at the interface between the organism and its external environment and provides the first defense against a :vruiety of noxious insults including damage from ultraviolet light, microbial invasion, ingress of xenobiotics, and 
mecpanical abrasion, in addition to its primary function as the 
barrier to systemic water loss. The SC is the end product of 
epidermal terminal differentiation and is mai!1tained throug!1 the 
orderly addition of new corneocytes, with their external comple-
ment of lamellar membranes, at its basal surface and desquamation 
at the outermost surface. Lipids, as the predominant constituents of 
the SC extracellular lamellae, appear to mediate many of these 
func tions . 
Since steroid sulfatase (SSase) was identified as the molecular 
defect in r~cessive X-linked ichthyosis (Koppe et ai, 1978; Shapiro 
e/ ai, 1978), cholesterol sulfate has been recognized to be a critical 
component of the SC membranes (Williams and Elias, 1981; Elias 
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over, hormones that accelerate barrier ontogenesis 
(e.g. glucocorticoids, thyroid honnone, and estrogen) 
accelerated the increase in CSTase and SSase activi-
ties during in vitro ontogenesis. mRNA levels ofSSase 
increased in parallel with enzymatic activity, sug-
gesting that these developmental changes are regu-
lated at the genomic level. Finally, addition of exog-
enous choles~erol sulfate to explants in l1itl'O did not 
accelerate either SC development or barrier forma-
tion. These studies suggest that induction of the 
cholesterol sulfate cycle enzymes during SC onto-
genesis is a component of the fetal epidennal differ-
entiation program and that the synthetic and degra-
dative enzymes of this pathway are differentially 
regulated. Key lVords: glllcpcorticoidltllyroid 'IOr1ll01le/estro-
gellfcllo{esterol sltlfatelfetal skin. J Invest Derltlatoit08:87t-
875, 1997 
et ai, 1984). In that disorder, mutation or deletion of the SSase gene 
results in accumulation of choles terol sulfate in SC membranes and 
abnormal comeocyte retention , implying a primary role for cho-
lesterol sui tate in the regulation of desquamation. Whether choles-
terol sulfate directly enhances corneocyte adhesion through a 
stabiliZing effect ou membrane lipids (Epstein ct ai, 1981 ; Long ct ai, 
1985) or whetller it acts indirectly, e.g ., as a regulator of comeodes-
mosol11al proteolysis (\X!illiams, 1991), has not been determined. 
Additional functions have been proposed for cholesterol suifate in 
the SC, including in modulation of antimicrobial defenses (Payne ct 
ai, 1996), in barrier funct;.ion against water loss and transport of 
xenobiotics (Frost et ai , 1968; Lavrij sen et aI, 1993), as well as in the 
regulation of epidem1al differentiation, both directly through its 
ability to activate epidermal protein kinase C isoel1zytnes (Denning 
el. ai, 1995) and indirectly through its ability to bind sphingosine 
(Downing et ai, 1993) . In addition to these proposed roles, choles-
terol sulfate is a regulator of keratiuocyte cholesterol and fatty acid 
synthesis (Willian1s et ai, 1987), 3l1d tl1US it could modulate SC 
barrier function indirectly by regulating lipid bioavailability. 
T he enzymes responsible for the synthesis and degradation of 
cholesterol sulfate are localized to different regions of the epider-
mis. In what h as been termed the "cholesterol sul£1te cycle" 
(Epstein ct. ai, 1984a), cholesterol sulfate is synthesized in the basal 
and spinous layers of the epidermis by the cytosoIic enzyme 
cholesterol sulfotransferase (CSTase)(Epstein et ai, 1984b) and 
hydrolyzed in the comified layer by SSase, an enzynle localized to 
0022-202X/97/S10.50 • Copyright © 1997 by The Society for Investigative Dermatology, Inc. 
871 
872 HANLEY ET AL 
Figure 1. Induction of CSTase and SSase activities 
during fetal epidermal development ill IItero and ill '';/1'0. 
Til lI/el'O development (0): epidermal preparations from fetal 
rats between 17 and 21 d estimated gestational ages (EGA) 
were assayed for activity of CSTasc (pa /l el A) and SSase (pa/l el 
B) in cytosolic and microsomal fractions, respectively. 1/1 vitro 
development (e): whole slcin was obta ined from 17 d fetal rats 
and cultured nnder submerged conditions in hormone- and 
serum-free media (Hanley eI aI, 1996a) . Epidermis W;IS iso lated 
after 1 to 4 d of culture, corresponding to gestational ages 1 M d 
to 21 d, and the activities of CSTase and SSase measured as 
above. respectively. R epresentative experim ents are il.lustrated 
in which data are expressed as mean of four samples:': SEM. 
Experim ents were replicated at least three times. 
th e microsomal fraction in the granular cell layers and to the 
m embran e fraction in the cornified cell layers (Elias et ai, 1984) . 
Cholesterol sul fa te content reaches its high es t levels in th e granular 
cell layer and progressively d eclines from inner to outer SC (Elias et 
ai, 1984; R anasingh e et nl, 1986; Elias et nl, 1988). T h e gradations 
in choles te rol sulfate concentrations, resulting from th e sequ ential 
activa tio n of its synthetic and hydrolytic en zym es, may in turn 
regulate its actions in SC form ation and function . 
Formation of a multilayered SC and generation of a compe tent 
barrie r to w ate r loss occurs during late gestation in man and oth er 
mammals (Cartlidge and Rutter, 1992). R ecently , we have utilized 
the fetal ra t as a model to examme both th e ontogenesis of the 
p ermeability barrie r (Aszterbaum e/ nl, 1992) and the ability of 
certain hormones to accelerate (i. e ., glucocorticoids, thyroid h or-
mone, and estrogen s) or d elay (i.e., androgens) barrier formation 
(Aszterbaum et nl , 1993; Hanley el ai, 1996a, 1996b). Furthermore, 
we have developed an ill vitro fe tal rat skin explant model in which 
th e timetable for SC development and barrier formation closely 
mirrors that for ontogenesis ill utero (Hanley e/ ai, 1996a). In th e 
current study, we examined the regulation of CSTase and SSase 
activities during SC and barrier ontogenesis both il1. litera and i,l vitro 
and determined whether or not the honnones that accelerate 
epidermal m aturation alter activity of th e enzymes of the ch oles-
tero l sulfate cycle in e pidermis . 
MATERIALS AND METHODS 
Materials T riiodothyronine. dexamethasone, diethylstilbestrol, and cho-
lesterol sulfate were obtained from Sigma Chemical Co. (St. Louis, MO); 
M1 99 medium was from GrnCO (Grand Island, NY); organ culture inserts 
(COL-wel.ls) were from Costar (Cambridge, MA); and e'S]3'-phosphoad-
enosine-5' -phosphosulfate and [' H]dihydroepiandrosterone were obtained 
fro m N ew England Nuclear Corp . (Boston, Mass). Molecu.lar grade chem-
icals were obtained fro m either Sigma or Fisher Scientific (Fairlawn, NJ) ; 
oligo(dT)-cellulose was from Phanl1acia LKB Biotechnology (Uppsala, 
Sweden), and nitrocellulose was obtained fro m Scleider & Schuell (Keene, 
NH). T he multiprime D N A Labeling System was from Amersham Inter-
national (Amersham. Little Chalfont, UK) and [ <>_J2PjdCTP (3000CiI 
mmol, 10 mCi per ml) from New England Nuclear Corp. T he SSase cDNA 
(rat) probe was kind ly provided by Dr. L.J. Shapiro (Univers.ity of California 
San Francisco). 
Tissue Preparation Flank slcin was excised from fetal Sprague-Dawley 
rats (Simonsen Laboratories , Gilroy, CAl of ges tational age day 17-21. 
Epidermis was separated from dermis after incubation in 10 mM ethyl-
enedia.rninetetraacetic acid in Ca 2 + - and Mg2 i ' -free phosphate-bullered 
saline, pH 7.4, at 37°C for 30 - 40 min. In some experiments, SC was then 
isolated from the epidermis by incubation in 0.25% trypsin for 1 h., fol.lowed 
by gentle vortexing. Epidermal preparations were then homogenized (3 X 
15 s with a Polytron homogenizer, fol.lowed by 2 X 10 s sonication at 35% 
power) on ice. T he homogenization buffer consisted of 10 mM Tris(hy-
droxymcthyl)amillometl1ane, pH 7.5, contain.ing 0.15 M sucrose and 2 111M 
ethylenediaminetetraaceti c acid. C rude homogenates were fi rst centrifuged 
at 10,000 X g for 10 min, then at 100,000 X g for 60 min. both at 4°C . SSase 
activi ty was measured in the microsomal pellet, whereas CSTasc activity 
was measured in the cytosolic fraction (supematant after 100,000 X g spin). 
Protein content was measured by the method of Bradfo rd (1976) . Statistical 
evaluation was perfo rmed using Student's t test. 
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Organ Culture Model and Measurement of Barrier Function Fu.l.l-
thickness flank slcin was removed from day 17 rats and submerged demli, 
side down on coUagenmembrane inserts (3 JLm pore size) in honnone- and 
serum-free media as described previously (Hanley eI ai, 1996a). Epidenna\ 
water loss was measured gravimetrica lly and reported as milligrams water 
lost/mm2 /h, as previously described (Hanley et ai, 1996a). CSTase and 
SSase activity was measured in cytosolic and microsomal fractions, respec-
ti vely, of epidennis isolated from explants that had been incubated in 10 oM 
dexamethasone (in ethanol), 10 nM triiodotll yronine (in dimethylsulfox-
ide), 100 nM dietllylstilbeste rol (in ethanol), Or vehicle :Ilone (final con-
centration 0.05%) for 1 or 2 d. The concentrations of hormones used were 
those previously shown to have the optimal effect on SC formation and 
barrier development (Hanley et aI, 1996a, 1996b) . Cholesterol sulfate was 
added to the incubation mediwll in concentrations of 0.1- 30 JLM from 
culture day 0 through da y 2, and water loss was measured and morphology 
examined in hematoxylin and eosin-stained frozen sections on day 2. 
CSTasc Assay CSTase activity was measured as described by Epstein et 0.1 
(1 984). Briefl y, cholesterol (100 JLg il1 benzene) was evaporated to dryness 
and suspended by sonication in 0.05 ml of homogenization buffer. 
[ 35S]Phosphoadenosine phosphosult:1te (50,000 cpm/tube in 0.025 ml) was 
then added to an equal volume of tlle enzyme preparation (50 - 100 fLg). 
Reactions were carried out at 37°C for 60 min and were tennirwted by the 
addition of 2.0 ml chlorofonn :methanol (2: 1 vol/vo l) and 1.0 \111 of 
chloroform :methanol:water:KCI (15 ml:240 1111:235 ml:35.5 g), forming the 
lower and upper phases, respectively, to separate the substrate fro m sulfated 
product. T he upper phase was discarded, the lower was extracted once 
more with 1.0 1111 of upper phase, and an aliquot of lower phase was d'en 
counted by scinti.l.lation spectrophotometry. 
SSase Assay SSase activity was assayed as described by Milewich et al 
(1990), as modified. Assays were perfomled in 0.1 M Tris(hydroxymethyl) 
aminol11ethane buffer (pH 7.4) containing 5.6 mM glucose. Epidem1al 
microsomes (0.1 mg) were incubated with 15 JLM [JH]dihydroepiandros. 
terone sult:,te (5 JLCi) for 2 h at 37°C , with a fin al assay volume of 1.1 mL 
The product, CH]dihydroepiaJldrosterone, was extracted from the reaction 
mixture with benzene (Kubilus ct aI , 1979; Epstein et 01, 1983), and an 
aliquot was counted by scintiHation spectrophotometry. 
Isolation of Epidermal mRNA a nd Northern Analysis Feta l epider-
mis was pooled (0 .1-0.2 g), snap-frozen, and stored at - 70°C. Total RN A. 
waS isolated as described by Chomczynslci and Sacehi (1987) , and poly (A)'" 
mRNA was isolated by oligo (dT) chromatography (Sambrook £1 aI, 1989) . 
Poly (A) + mRNA (8 fLg) in sample buffer was electrophoresed Oil all 
agarose/ formaldehyde (1 %/6. 1%) gel. T he gel was stained with acridine 
orange to visualize tbe integrity of residual rRN A bands, and the RNA wa 
then transferred to nitrocellulose and fixed by balcing at 80°C for 2 h. Dlors 
were pre-hybridized at 60°C fo r 1 h and hybridized overnjght at 60°C with 
a [J2 PjdCTP-radiolabeled rat cDNA probe fOT SSase (Li et 0/. 1996). 
Following washing, blots were exposed to x-ray film, and bands were 
quantified by scanning densi tometry (Wood el aI, 1992 ). 
RESULTS 
Epidermal CSTase and SSase Activities Increase during SC 
Ontogenesis ill Utero In the fctal rat, epidermal stratification 
b egins on d ay 17; a single comified cell layer is present by day 19, 
and a multilaye red SC with a comp e tent b arrier to water loss is 
fonne d by day 21 (term is 22 d) (Aszterbaum et aI, 1992). W e 
obtained epidermis fr0111 pups over thi s time period and m easured 
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CSTase and SSase activities in cytosolic and membrane fractions 
(Fig 1; 0 ); da ta represent the mean of at least four pups of each 
gestational age group. 
CSTase activity in epidermis peaked sbarply on day 19, increas-
ing -IO-fold between day 17 and day 19 (Fig lA) (p < 0.005) . 
CSTase activity in day 21 epidermis remained elevated more than 
5-fold above levels observed at day 17 (p < 0.005), although it was 
decreased compared to day 19 (p < 0.005). 
Developmental changes ill SSase activity were also striking in 
fetal rat epidermis; i.e ., SSase activity increased 4-fold between day 
18 and day 21 (Fig 1B; D ) (p < 0.005). Unlike CSTase, however, 
SSase did not peak on day 19 but continued to rise throughout 
gestation . Because SSase activity is highest in the SC of adult 
epidermis (Elias el ai, 1984), we next measured SSase in SC vs. 
whole fetal epidermis. M embrane fractions of day 21 fetal SC 
demonstrated a m arked enrichment in SSase activity in comparison 
to whole epidermal m embrane preparations; when normalized to 
protein, the activity in the SC was approximately 6-fold greater 
than in epidennis (epidermis: 18.3 :±: 0.45; SC: 109.1 :±: 12.1, 
pmollmin/mg protein); w hen normalized to surface area, SC 
activity was approximately 3-fo!d greater than in epidermis (epi-
dermis: 8.5 :±: 0.2 pmolll11in/cl112 , SC: 24.8 :±: 3.0) , p < 0.01, n = 
4. 
These data demonstrate that the activity of both enzym es of the 
cholesterol sulfa te cycle increase several-fold in epidermis during 
late gestation, althougb the timetable of their induction differs . 
Whereas CSTase activity p eaks with the initial formation of the 
cornified cell layer and prior to formation of a competent barrier, 
SSase activity continues to rise as a multilayered SC is generated 
and a competent bartier is formed. Moreover, these data show that 
as a SC is generated ill fetal skin, SSase becom es concentrated in the 
SC membranes. 
tnRNA Levels of SSase Increase during Epidermal Devel-
oplDent To determine whether the increase in fetal epidermal 
SSase activity during SC formation was due to genomic regulation 
of enzyme cOlltent, we employed Northern analysis with a rat SSase 
cDNA probe applied to equal am ounts of poly (A) + mRNA 
isolated from epidemlis from pups day 17 though day 21 of 
gestation. RNA integri ty and equali ty of loadin g were confirm ed 
by acridine orange staining following electrophoresis. As shown in 
Fig 2 , willie SSase mRNA levels were nearly undetectable at day 
17, a greater than 10-fold increase in their levels was observed 
between day 18 and day 21 of gestation. T hese data demonstrate 
that the increase in epidermal SSase activity during fetal rat SC 
formation is paralleled by risin g enzyme mRNA content. T hus, 
increased transcription of the SSase gene is the most likely eA']J!a-
nation for the increase in SSase activity during fetal barrier forma-
tion. 
CSTase and SSase Activities Increase during Epidermal 
Development in Vitl'o and in Response to Honnonal Mod-
ulators of Barrier Formation We recently demonstrated that 
skin obtained from day 17 fetal rats and cultured in hormone- and 
serum-free medium undergoes maturation, with formation of a 
multilayered SC and a competent barrier to water loss on a 
timetable tbat precisely mirrors ontogenesis ill. IItero (Hanley et ai, 
1996a). We next examined activity of the enzym es of the choles-
terol sulfate cycle in epidermis from 17 d fetal rat skin explants 
incubated for 1 to 4 d in a hormone- and serum-free m edium. As 
shown in Fig 1, the induction of both CSTase (panel A; e) and 
SSase (panel B; e) ac ti vities in fetal epidermis during in vitro 
development are virtually identical to the changes in activities of 
these enzym es during in IItero ontogenesis (cf. Fig lA, 0; Fig iB, 
0 , respectively). 
In this ill vitro model, we have previously demonstrated tbat 
certain hormones, ' notably glucocorticoids, tllyroid hormone , and 
estrogens, accelerate the timetable for barrier m.aturation (Hanley et 
ai, 1996a, 1996b). To determine w hether hormonal induction of 
barrier formation aifects the activities of the cholesterol sul[.1te cycle 
enzymes, 17 d feta l skin explants were incubated in the presence of 
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F igure 2. SSase mRNA lev-cis inc.rease during fetal epidermal 
development. Epidemlis w~s isolated from fetal rats of gestational ages day 
17 to day 21 , poly(A) + mRNA isolated, and Northern analysis perfom1ed as 
described in Materia ls aod Methods, with 8 p.g poly(A) +loaded in each lanc. 
A representative autoradiogram is show'" (A) , with au accompanying graph 
(B) in which mR.NA levels are expressed relative to the level obtained in 
day 18 fetal epidermis. Similar results were obtained in two additi onal 
cxpcriluents. 
10 11M dexamethason e, 10 11M triiodothyronine, 100 nM diethyl -
stilbestrol, or vehicle a.lone for 1 or 2 d, a.nd the activity of CSTase 
and SSase in epidemla1 preparations was determined. All three 
hormones accelerated the developmenta l increase in activity of the 
two enzymes, albeit over differing time courses. Thus, these 
hormones induced significant increases in CSTase activity after 1 d 
of incubation compared with age-matched controls , but no further 
effect was noted after 2 d (Fig 3A), a tim e w hen CSTase activity 
under Honna! condi tions has reached its maximal activity. SSase 
activity, w hich under normal conditions progressively increases 
over 4 d in culture, increased approximately loS-fold and 2-fold in 
horm one-treated cul tures afte r incub,ltio l1 fo r 1 and 2 d, respec-
tive ly, in comparison to vehicle- treated cultures (Fig 3B). T hese 
data demonstrate that those hOnllones that accelerate barrier 
formation also accelerate the developmental time course for in-
creased activity of the enzymes of the cholesterol sulfate cycle. 
No Effect of Exogenous Cholesterol Sulfate on Barrier 
Development 111 Vitro Increased CSTase activity and choles-
terol sulfate levels have been identified as markers of keratinocyte 
differentiation ill 11itl"0 Oetten et ai, 1989). Moreover, cholesterol 
sulfate h as been identified as 3n activator of protein kinase C (lkuta 
et ai, 1994), including epidermal isoforms (DelUung el ai, 199s), and 
exogenous cholesterol sulfate stimulates murine keratinocyte dif-
ferentiation ill IJitl'O (DeUlul1g ct ai, 1995). To determine whether 
cholesterol sulfate accelerates fetal 'SC fomlatioll, we incubated 
17 d fetal skin explants in varying concen trations (0.1-30 j.LM) of 
cholesterol sulfa te for 2 d. No difference in epidemlal morphology 
was e vident ill cholesterol sulfate- treated fetal skin (data not 
shown) . We also measured transepidennal water loss in cholesterol 
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Figure 3. Epidennal CSTase and SSase 
activities in response to glucocorticoids, 
estrogens, and thyroid hormone in vitro. 
Skin was obtained from 17 d fetal rats and 
cultured under submerged conditions in hor-
mone- and serum-free media (control) or in 
thc presence of 1 a nM dexamethasone (Dex), 
100 nM diethylstilbesterol (DES), or 10 nM 
triiodothyroninc (T3) for 1 or 2 d, correspond-
ing to gestational ages 18 d and 19 d, respec-
tively. Cytosolic and microsomal fractions of 
epidermis were obtained for assay of CSTasc 
(A ) and SSase (B), respectively. Data represent 
thc mcan :!: SEM; differences i.n enzyme ac-
tivity are significant compared with control 
incubations at the S:I.nlC time points (p < 
0.005 , n = 4, each data point). 
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sulfate-treated explants; again, no difFerence in barrier function 
between treated and control samples could be demonstrated (data 
not shown) . Together, these observations suggest that in fetal skin 
induction of the cholesterol sulfate cycle enzymes during ontogen-
esis of the SC and formation of a competent barrier is a component 
of the fetal epidermal difFerentiation program, but that the increased 
cholesterol sulfate levels generated during the early stages of SC 
formation may not further stimulate fetal barrier fonllation. 
DISCUSSION 
Formation of a multilayered SC with its extracel1ular lipids orga-
n.ized into repeating arrays of lamel1ar membrane unit structures is 
required for a competen t barrier to systemic water loss. Because 
cholesterol sulfate is a constituent of these SC membranes, we 
examined changes ill the activity of the two epidermal enzymes that 
regulate the content of cholesterol sulfate during SC ontogenesis in 
the fetal rat. Activity of the synthetic enzyme, CSTase, peaks on 
day 19 of gestation, coincident with formation of a single cornified 
cell layer, but prior to establislullent of a competent barrier to water 
loss (Aszterbaum eI ai, 1992). Enzymes that regulate the synthesis of 
other critical lipid constituents of SC membranes also reach their 
highest activity levels in epidermis prior to barrier fonnation. Thus 
the activities of 3-hydro,. .. y-3-methylglutaryl coenzyme A reduc-
tase, the regulatory enzyme of choLesterol synthesis , and acetyl 
coenzyme A carboxylase, a regulatory enzyme of fatty acid synthe-
sis, as well as serine palmitoyltransferase, the first committed step in 
ceramide biosynthesis, and glucosylceramide synthase, the final 
enzyme of glycosylceramide synthesis, all peak on or before day 19 
of gestation in the fetal rat (Hurt et ai, 1995; Hanley et ai, 1997). In 
contrast, activity of cholesterol sulfute's degradative enzyme, SSase, 
increases progressively during formation of a multilayered SC and 
a competent barrier to water loss. We have recently shown that 
activity of the degradative enzyme of glucosylceramide metabo-
Lism, f3-glucocerebrosidase, responsible for the generation of cer-
amide from glucosylceramide within the SC, also increases 
throughout the time period of fetal barrier formation (Hanley et ai, 
1997). Thus, enzymes that are active in nucleated epidermis in the 
synthesis of lipid precursors for SC membranes ach.ieve their highest 
specific activity during ontogenesis prior to SC formation, whereas 
those that are active in the SC membranes and i.nvolved in the 
further metabolism of these lipids to their final membrane lipid 
constituents peak later in development, coi.ncident with formation 
of a competent permeability barrier. 
Increasing CSTase activity and cholesterol sulfate content are 
markers of keratinocyte difFerentiation ill "il,.o Oetten et aI, 1989). 
These studies similarly demonstrate that increasing activity of the 
enzymes of the cholesterol sulfate cycle accompany epidenllal 
difFerentiation and SC fonnation during fetal development both ill 
IJit,.O and ill ,,;vo. Kagehara et al (1994) have also demo.nstrated 
developmental increases in CSTase activity in whole skin prepara-
tions during late fetal development in the mouse. Although they did 
not observe developmental difFerences in SSase activity, it is likely 
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that changes in epidermal enzyme aCDvlty may be obscured in 
whole skin preparations. Finally, using cDNA probes for the SSase 
gene, we demonstrated tbat the increased activity of SSase during 
SC formation was closely paralleled by increasing SSase mRNA 
content, thus implying genomic regulation of this enzyme's action. 
Glucocorticoids, thyroid homlOne, and estrogens accelerate bar-
rier formation (Aszterbaum et aI, 1992; Hanley e/ ai, 1996a, 1996b). 
In all instances, accelerated formation of a competent barrier is 
accompanied by accelerated formation of a multilayered SC in 
which lipids are deposited in mature arrays of membrrule unit 
structures. Since a mature SC is composed of the structural proteins 
that form the keratin filaments and comified envelope in the 
comeocytes, as well as the lipid constituents of the lamellar 
membranes, it seems likely that these hormones accelerate expres-
sion of a number of d.ifFerentiation-related genes encoding epider-
mal enzymes and structural proteins. In these studies, we demon-
strate that the hormones that accelerate fetal barrier development 
also accelerate the developmental increases in activity of the 
enzymes of the cholesterol sulfate cycle. Further study of the 
regulation of SSase transcription duriJlg ontogenesis may provide 
insight into the nuclear mechanism(s) whereby glucocorticoids, 
thyroid hormone, and estrogens accelerate SC formation and 
barrier development. 
Several roles have been proposed for cholesterol sulfate in Sc. As 
a structural component of the SC m embrane lipids, it m ay modulate 
barrier function as well as cohesion and desquamation. Through its 
metabolism by SSase in the SC, it may also function as a precursor 
of cholesterol for SC membralles. Cholesterol sulfate may also 
regulate other epidelmal functions including lipid synthesis (Wil-
liams et ai, 1987) and differentiation through regulation of protein 
kinase C isoenzymes (Denning, 1995). Tn these studies, however, 
we were unable to demonstrate a regulatory role for cholesterol 
sulfate in fetal SC formation or barrier development, because 
addition of exogenous cholesterol sul£1te did not accelerate or 
inhibit epidermal difFerentiation. While the precise role of choles-
terol sulfate in epidermal physiology remains to be determined, 
these studies demonstrate that the enzymes critical to its formation 
and metabolism are a component of the difFerentiation progranl 
expressed during SC on.togenesis. 
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